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I. Summary of A c t i v i t i e s  
During t h e  s i x  months ending on December 31, 1967, major 
a t t e n t i o n  was focused on earth-bound exper iments  on p a r t i c l e  
c o n c e n t r a t i o n  and s i z e  d i s t r i b u t i o n  i n  c l o s e d  space  c a b i n  
environments  and on c a l i b r a t i o n  of a hot-wire  sensing d e v i c e  
f o r  d e t e c t i n g  and s i z i n g  l i q u i d  a e r o s o l s .  
Data from a Langley I n t e g r a t e d  L i f e  Support  System (ILSS) 
s t u d y  were ana lyzed  and t e s t  procedures  developed f o r  a NASA-OART 
McDonnell-Douglas 60-Day Space Cabin Simula to r  tes t  t o  be 
c a r r i e d  o u t  d u r i n g  the  nex t  r e p o r t  p e r i o d .  The Langley tes t  
i n d i c a t e d  a n  average  p a r t i c l e  c o n c e n t r a t i o n  in t h e  c l o s e d  space 
c a b i n  of approximately 40,000 p a r t i c l e s  per cubic foot ( p p c f ) .  
Although therewere sharp v a r l a t i o n s  ove r  t h e  three dag per iod ,  t h e  
b a s e - l i n e  c o n c e n t r a t i o n  d i d  not appear t o  change w i t h  t i m e ,  
i n d i c a t i n g  t h a t  p a r t i c l e  removal by  t he  envi ronmenta l  c o n t r o l  
system (ECS) was ba lanced  by new p a r t i c l e  g e n e r a t i o n  w i t h i n  t h e  
c a b i n .  
Pa r t i c l e  Analyzer (Uni t  # 2 )  (APA) was c a l i b r a t e d  b o t h  a t  
a tmosphe r i c  p r e s s u r e  and a t  approximately one-half  an  atmosphere. 
I n  p r e p a r a t i o n  f o r  t h e  McDonnell-Douglas t es t  t h e  Aerosol 
I n  o u r  l as t  progress r e p o r t  w e  d i s c u s s e d  t h e  f e a s i b i l i t y  o f  
three au tomat i c  methods f o r  p a r t i c l e  size a n a l y s i s .  O f  these 
three,  t h e  hot-wire anemometer d e v i c e  appeared most promising.  
I n  o r d e r  t o  c a l i b r a t e  t h i s  device  w e  have i n v e s t i g a t e d  au tomat ic  
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output signal shaping and sorting devices in conjunction with 
NASA-ERC. 
a pulse height analyzer has not been developed to date. 
calibration of the hot wire sensor is being carried out using 
a water droplet aerosol with the size distribution identified 
from size data available from the aerosol formed by a sodium 
chloride solute after drying. 
A satisfactory conditioning circuit for use with 
Manual 
11. Major Activities 
A. Space Cabin  Simulator Participation 
1. Langley Test 
A preliminary field test of the APA was carried out 
during the Langley Research Center three day space- 
cabin simulation test. 
lates were determined with the APA at hour intervals. 
The concentration variations with time are shown in 
Figure 1 and summarized in Table 1. 
Air concentrations of particu- 
Mean 
Silrrrmarizeci Data-Langley F i e l d  Test 
Particles per cubic foot 
Number in Channel 
2 3 4 5 Total 
1373 2591 3160 14,195 21,319 
Range 
High 3412 7998 11,130 45,054 67,595 
. . .  
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I n  t h i s  p a r t i c u l a r  c a b i n  s i m u l a t o r ,  a e r o s o l  l e v e l s  
were q u i t e  low and i n  t h e  range  no ted  i n  c l e a n  room 
i n s t a l l a t i o n s .  Although there were sharp  v a r i a t i o n s  
i n  t h e  data, o v e r a l l  l e v e l s  remalned f a i r l y  c o n s t a n t  
i n d i c a t i n g  steady-state c o n d i t i o n s  e x i s t i n g  w i t h i n  the  
cabin .  When one of t h e  c a t a l y t i c  bu rne r s  was o u t  of  
s e r v i c e  an  i n c r e a s e  in p a r t i c u l a t e  c o n c e n t r a t i o n  was 
noted  which may i n d i c a t e  t ha t  these burne r s  have some 
c a p a c i t y  f o r  a e r o s o l  p a r t i c l e  removal. 
2 .  McDonnell-Douglas Space Cabin S imula to r  T e s t  
Following t h e  Langley t es t  an  a d d i t i o n  f i e l d  tes t  
was planned w i t h  ERC as a "piggy-back" experiment w i t h  
t h e  McDonnell-Douglas Space Cabin S imula to r  T e s t  
scheduled t o  take p l a c e  i n  early 1968. The purpose 
of t h i s  experiment  will be t o  de termine  t h e  v a r i a t i o n  
w i t h  t i m e  o f  t he  a i r b o r n e  p a r t i c l e  size d i s t r i b u t i o n  
and c o n c e n t r a t i o n  wi th in  a c l o s e d  space  c a b i n  environment;  
t o  de te rmine  t h e  gross chemical  and phys lca l  c o n s t i t u e n t s  
of  t h i s  a e r o s o l ,  and t o  o p e r a t i o n a l l y  check t h e  APA 
I n  a s imula t ed  f l i g h t  s i t u a t i o n  u s i n g  a conven t iona l  
d u s t  count ing  method. 
Completion of this experiment w i l l  p rov ide  v a l u a b l e  ' 
data on the  number, s ize ,  and composi t ion of p a r t i c l e s  
and d r o p l e t s  which may be dispersed d u r i n g  extended 
@ 
-5- 
manned space  f l i g h t s .  It i s  hoped t h a t  t h i s  experiment 
w i l l  p rovide  g r e a t e r  i n s i g h t  i n t o  problems which may 
be  encountered  d u r i n g  a c t u a l  f l i g h t  exper iments .  
To ach ieve  t h e  o b j e c t i v e s  of t h i s  experiment  two 
techniques  w i l l  b e  used. T o t a l  p a r t i c l e  count and 
s i z e  d i s t r i b u t i o n  w i l l  be measured w i t h  t h e  APA a t  
t h e  f o u r  l o c a t i o n s  shown i n  F i g u r e  2 .  One sample w i l l  
b e  t aken  a t  t h e  s u r f a c e  o f  t h e  desk i n  t h e  Command 
Center  Area; t h e  second sample w i l l  be c o l l e c t e d  a t  
t h e  s u r f a c e  o f  t h e  p r e p a r a t i o n  table i n  t h e  Food 
Management Area; t h e  t h i r d  and f o u r t h  samples w i l l  be 
t aken  a t  a d e l i v e r y  d i f f u s e r  and r e t u r n  g r i l l e  of t h e  
A i r  D i s t r i b u t i o n  Sub-system. Samples w i l l  be c o l l e c t e d  
f o u r  times a day a t  approximately 0400,  0 9 0 0 ,  1430,  and 
2300 hours .  Every t h r e e  days t h e  APA w i l l  be passed ou t  
o f  t h e  chamber f o r  b a t t e r y  replacement .  
I n  a d d i t i o n  t o  t he  A P A  samples, a s i n g l e  i n t e g r a t e d  
a i r  sample w i l l  be c o l l e c t e d  each day on a membrane 
f i l t e r .  The sampling pump and membrane f i l t e r  w i l l  be 
p o s i t i o n e d  a d j a c e n t  t o  t h e  r e t u r n  a i r  g r i l l e  above t h e  
s i n k  i n  t h e  Food P r e p a r a t i o n  Area. The pump w i l l  be 
t u r n e d  on a t  0800 and turned  o f f  a t  1100  each day. 
The sampling pump and f i l t e r  h o l d e r  w i l l  be " locked o u t "  
of t h e  chamber a t  t h e  f i r s t  o p p o r t u n i t y  for r e c h a r g i n g  
' .  
3 
. 
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and replacement  of t h e  f i l t e r .  The f i l t e r s  w i l l  t h e n  
be  r e t u r n e d  t o  t h i s  l a b o r a t o r y  f o r  c o u n t i n g  and 
a n a l y s i s .  
B. APA C a l i b r a t i o n  
I n  p r e p a r a t i o n  f o r  t h e  McDonnell-Douglas t e s t ,  a n  APA 
u n i t  was c a l i b r a t e d  u s i n g  p o l y s t y r e n e  l a t e x  pa r t i c l e s  
g e n e r a t e d  by t h e  t echn ique  which  w e  have d e s c r i b e d  i n  
p r e v i o u s  p r o g r e s s  r e p o r t s .  The c a l i b r a t i o n  was car r ied  o u t  
a t  one atmosphere as w e l l  as t h e  Space Cabin S imula to r  
o p e r a t i n g  p r e s s u r e  o f  8.6 p s i a .  Three  APA samples were 
c o l l e c t e d  f o r  each p a r t i c l e  s i z e  o v e r  a t e n  minute  p e r i o d .  
During t h i s  same p e r i o d  a sample was c o l l e c t e d  on a membrane 
f i l t e r  f o r  a b s o l u t e  d e t e r m i n a t i o n  of t h e  a e r o s o l  concen- 
t r a t i o n .  Simultaneous measurements were a l s o  made w i t h  
t h e  Bausch and Lomb Yodel 40-1 Dust Counter .  
Seven background samples were measured w i t h  t h e  APA 
'. 
at a tmospher ic  p r e s s u r e  and t e n  measurements were made a t  
8.6 psia.  The r e s u l t s  were averaged  f o r  each of t h e  two 
c o n d i t i o n s  and are  presented i n  Tab le  2 .  
Tab le  2 
Average Eackground Data ( c l e a n  a i r )  
APA Unit No. 2 
Channel No. : 1 2 3 4 5 
1 4 . 7  ps ia  0 2 9 40 243 
8.6 p s i a  0 2 1 0  31 185 
, '. 
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Although t h e  only  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  
average  background no ted  a t  the  two p r e s s u r e s  appears 
i n  channel  f i v e ,  t h e  data was t r ea t ed  as two separate 
sets  of i n fo rma t ion  and t h e  r u n s  a t  d i f f e r e n t  p r e s s u r e s  
were c o r r e c t e d  w i t h  t h e  background measured a t  t ha t  
p r e s s u r e .  These f i n d i n g s  are c o n s i s t e n t  w i t h  t h e  f i n d i n g s  
of Gucker and O'Konski i n  which t h e y  concluded tha t  a 
s i g n i f i c a n t  f r a c t i o n  of ins t rument  background arises from 
Rayle igh  s c a t t e r i n q  by a i r  molecules  i n  t h e  s e n s i t i v e  volume 
of t h e  d e t e c t o r  (1). 
F i g u r e  3 shows a p l o t  of t he  pe rcen t  count i n  each 
channel  as a f u n c t i o n  of' t he  t es t  p a r t i c l e  s i z e  f o r  t h e  
tests run  a t  1 4 . 7  psia.  
Because of  t h e  l a c k  of data, no in fo rma t ion  i s  p l o t t e d  f o r  
channels  one and two. F igure  4 is a s imilar  p l o t  f o r  t h e  
data c o l l e c t e d  a t  8.6 psia. A review of these two f i g u r e s  
r e v e a l s  tha t  there  i s  n o t  an a p p r e c i a b l e  d i f f e r e n c e  i n  t h e  
p e r c e n t  response  i n  t h e  runs made a t  1 4 . 7  psia compared 
t o  t h e  r u n s  made at  8.6 p s i a .  Th i s  means t h a t  t h e  s i z e  
d i s t r l b u t i o n s  i n d i c a t e d  on the  APA u n i t  should  not  s h i f t  
a p p r e c i a b l y  if the  p r e s s u r e  i n  a space  v e h i c l e  i s  v a r i e d .  
Curves are p l o t t e d  f o r  each channel .  
As mentioned above, membrane f i l t e r  samples were c o l l e c t e d  
f o r  a b s o l u t e  c a l i b r a t i o n  o f  t h e  APA u n i t .  Approximately 500 
p a r t i c l e s  were counted i n  each s i z e  g i v i n g  an i n d i c a t e d  
C 
43 
Lo 
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p e r c e n t  e r r o r  of approximately 10% assuming a 95% con- 
f i d e n c e  i n t e r v a l .  T a b l e  3 l i s t s  t h e  count  data and 
APA da ta ,  as w e l l  as t h e  m u l t i p l i c a t i o n  f a c t o r ,  f ,  which 
i s  d e f i n e d  as t h e  a c t u a l  number c o n c e n t r a t i o n  o b t a i n e d  
from t h e  membrane f i l t e r  samples  d i v i d e d  by t h e  number 
c o n c e n t r a t i o n  measured w i t h  t h e  APA. The t h e o r e t i c a l  v a l u e  
of t h i s  f a c t o r ,  presuming an  i n s t r u m e n t  coun t ing  e f f i c i e n c y  
o f  100  p e r c e n t ,  i s  60 .  Values h i g h e r  t h a n  60 i n d i c a t e  a 
d e t e c t o r  e f f i c i e n c y  f o r  t h a t  p a r t i c l e  s i z e  o f  less  t h a n  
1 0 0 % .  
The data i n  T a b l e  3 i n d i c a t e  e s s e n t i a l l y  l o o $  e f f i c i e n c y  
when t h e  A P A  u n i t  i s  ope ra t ed  a t  1 4 . 7  ps ia  w i t h  p a r t i c l e s  
larger t h a n  about  1 .9  microns bu t  less e f f i c i e n t  o p e r a t i o n  
f o r  t he  same s i z e  p a r t i c l e s  when o p e r a t e d  a t  8.6 psia.  I n  
a d d i t i o n ,  e f f i c i e n c y  appears  t o  f a l l  as t h e  s i z e  of  t h e  
p a r t i c l e  decreases a 
T a b l e  3 
C a l i b r a t i o n  of A P A  Unit  #2 
P a r t i c l e  s i z e ,  1 4 . 7  ps ia  8 . 6  psia  
microns  mppcf APA f mPP c f A P A  f 
0 796 2 .71  1 , 2 4 0  2,185 5 . 2 1  1 ,941 2,684 
1 .30  3.47 12,236 284 6.12 79138 857 
1.90 0 . 0 4 8  874 54.9 0 .043  417 103 
2 .68  
Volume sampled: e14 .7  p s i a  = 2.48 c u b i c  fee t  
8.6 ps ia  = 1 . 2 1  c u b i c  fee t  
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C. Hot Wire Aerosol Detector 
1. Automatic Pulse Shaping and Handling 
A liquid droplet will produce a voltage pulse when 
it impacts on a constant temperature hot-wire anemometer 
probe. In a previous report (2) we discussed the 
application of such a device for counting and sizing 
of droplets. 
The output pu l se  of the hot-wire anemometer appeared 
to be amenable to display by pulse height techniques 
to provide number and size distribution information. 
To carry out thls function t h e  circuit design shown 
in schematic In Figure 5 was developed in cooperation 
with ERC. 
circuit. 
was unsatisfactory for the following reasons : 
Figure 6 shows the detailed design of the 
Following assembly the design was tested but 
I) The output of the vA712 integrated circuit could 
not be switched off for 3v 
switching its power supply voltage;  
The uA710 integrated circuit was extremely 
unstable as a voltage comparator; 
sec intervals by 
ii) 
iii) Due to the low impedance level locking-out of 
the peak detect diode-storage capacitor junction 
the capacitor was not able to hold a charge. 
This caused incorrect phasing for sample and 
-13- 
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c l e a r  p u l s e s ;  
P u l s e s  appea r ing  on power supply  l i n e s  may 
. have caused f a l s e  t r i g g e r i n g  which showed up 
i v )  
as s p u r i o u s  p u l s e s .  
The c i r c u i t  was subsequent ly  modi f ied  t o  make i t  
f u n c t i o n a l .  
of  f i e l d  e f f e c t  t r a n s i t o r  (FET) gate c i r c u i t s  t o  r e p l a c e  
g a t i n g  des igned  w i t h  t h e  uA712. 
was des igned  t o  e l iminate  l O W  impedance problems 
a s s o c i a t e d  w i t h  t h e  pA710 comparator  and t h e  s t o r a g e  
c a p a c i t o r .  The problem of  s p u r i o u s  p u l s e s  was a t t a c k e d  
from t h e  s t a n d p o i n t  of decoup l ing  t h e  power supp ly  
l i n e s  of s u s p e c t e d  components. T h i s  was done by 
zene r  d i o d e  r e g u l a t i n g  each  o f  them from t h e  h i g h  
v o l t a g e  supp ly .  Th i s  reduced s p u r i o u s  p u l s e s  b u t  d i d  
n o t  comple te ly  r e s o l v e  t h e  problem. 
T h i s  involved  t h e  d e s i g n  and development 
A d d i t i o n a l  PET c i r c u i t r y  
These m o d i f i c a t i o n s  made t h e  c i r c u i t  f u n c t i o n a l ,  
however, i t s  dynamic r ange  was n o t  s u f f i c i e n t  and the re  
was a hys te res i s  e f f e c t  i n  t h e  inpu t -ou tpu t  ampl i tude  
r e l a t i o n s h i p .  To improve t h e  dynamic r ange  t h e  power 
supply  v o l t a g e  o f  t h e  preamp ( p A 7 1 0 )  was i n c r e a s e d  
and t h e  FET u n i t s  a s s o c i a t e d  w i t h  t h e  peak d e t e c t o r  
and s t o r a g e  c a p a c i t o r  were a d j u s t e d  t o  op t imize  t h e i r  
range .  It was found t h a t  dynamic: range  and h y s t e r e s i s  
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were r e l a t e d  i n  such  a way t h a t  ad jus tmen t s  which 
improved dynamic range a l s o  i n c r e a s e d  h y s t e r e s i s  
l o s s e s .  Work is  c o n t i n u i n g  on t h e  modi f ied  c i r c u i t  
i n  o r d e r  t o  make i t  more u s e a b l e .  
2 .  C a l i b r a t i o n  of  t h e  Senso r  
The d e t e c t i o n  c h a r a c t e r i s t i c s  of t h e  hot-wire  d e v i c e  
f o r  v a r i o u s  s i z e  d r o p l e t s  was f u r t h e r  i n v e s t i g a t e d  d u r i n g  t h i s  
r e p o r t  p e r i o d .  I n  t h i s  s t u d y  d i s t l l l e d  water d r o p l e t s  were 
used as t h e  tes t  a e r o s o l .  
The t e s t  a e r o s o l  was genera ted  u s i n g  a Mistogen EN-140 
U l t r a s o n i c  Nebu l i ze r .  F i g u r e  7 i s  a schematic  i l l u s t r a t i o n  
of  t h e  expe r imen ta l  a p p a r a t u s .  Output from t h e  hot-wire  system 
was f ed  i n t o  an o s c i l l o s c o p e  and 1 6  mm movies were made o f  t h e  
o s c i l l o s c o p e  d i s p l a y .  Each frame of t h e  developed f i l m  was 
p r o j e c t e d  on an opaque s c r e e n  and t h e  arca and p u l s e  h e i g h t  of 
each  i n d i v i d u a l  p u l s e  were measured. No d i f f i c u l t i e s  were 
encoun te red  i n  coun t ing  t h e  pu l ses  even though p u l s e  images 
t e n d e d  t o  p e r s i s t  f o r  s e v e r a l  frames. Approximately 1800 p u l s e s  
were measured i n  t h i s  manner. 
To c a l i b r a t e  t h e  hot-wire  u n i t  a 0 .1% N a C l  s o l u t i o n  was 
g e n e r a t e d  from t h e  u l t r a s o n i c  n e b u l i z e r  and t h e  d r i e d  a e r o s o l  
was sampled u s i n g  a n  e l e c t r o s t a t i c  p r e c i p i t a t o r .  Photo- 
micrographs  of t h e  c o l l e c t e d  samples were t h e n  used t o  e s t ab l i sh  
t h e  s i z e  d i s t r i b u t i o n  of  t h e  d r i e d  N a C l  p a r t i c l e s  from which an 
e * 
3 
0 c 
0 
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estimate o f  t h e  size d i s t p i b u t i o n  of  t h e  i n i t i a l  d r o p l e t s  
was made. I n  a d d i t i o n ,  by assuming a c o l l e c t i o n  e f f i c i e n c y  
of 2% f o r  t h e  e l e c t r o s t a t i c  p r e c i p i t a t o r  sampler an estimate 
of  t h e  ou tpu t  number c o n c e n t r a t i o n  of t h e  n e b u l i z e r  was a l s o  
determined.  ( 3 )  These data a r e  l i s t e d  i n  T a b l e  4 .  
Table 4 
C a l i b r a t i o n  Aerosol C h a r a c t e r i s t i c s  
S tandard  Estimated 
Drop le t s  Mean __I Devia t ion  a Drople t  Concen- 
Number 4.12~ 1.64~. 0.398 1.91~10~ 
Mass 2.1911 2.28P 1.04 1.91~10~ 
t r a t i o n  per l i t e r  
It appears t h a t  the  o u t p u t  of t h e  d e t e c t o r  spproximate ly  
reproduces  t h e  s i z e  d i s t r i b u t i o n  i n p u t  of t h e  test a e r o s o l .  
Measured s t a n d a r d  d e v i a t i o n s  were always greater t h a n  expec ted  
when compared t o  a c o l l e c t i o n  technique  which is c o n s i d e r e d .  
t o  be r e l a t i v e l y  non s i z e - s e l e c t i v e .  I n  a d d i t i o n ,  w e  found tha t  
stream v e l o c i t y  v a r i a t i o n s  above some threshold  d i d  no t  a f f e c t  
coun t ing  e f f i c i e n c i e s  s i g n i f i c a n t l y .  We d i d  f i n d  tha t  wire 
t empera tu re  s i g n i f i c a n t l y  a f f e c t s  d e t e c t o r  o u t p u t ,  c o n t r a r y  
t o  what had been deduced by Goldschmidt. ( 4 )  For  example, w e  
found %hat a h o t t e r  w i re  d e t e c t e d  fewer p a r t i c l e s  t h a n  a c o l d e r  
w i r e .  The p u l s e  h e i g h t s  were smaller f o r  t h e  lower t empera tu re  
w i r e  t h a n  f o r  t h e  h ighe r  tempera ture  wire ,  whereas t h e  r e v e r s e  
was t r u e  f o r  p u l s e  meas .  These r e s u l t s  r e f l e c t  t h a t  with a 
-19- 
h o t t e r  wire t empera tu re  t h e  water  d r o p l e t s  evapora t e  more 
q u i c k l y  - hence one o b t a i n s  a larger  i n i t i a l  v o l t a g e  p u l s e  
and smaller p u l s e  area.  
Although t h e  hot-wire  t echn ique  for coun t ing  and s i z i n g  
p a r t i c l e s  is  d rama t i c  t h e r e  are s t i l l  l i m i t a t i o n s  which 
must be overcome b e f o r e  t h e  technique  can be r e a d i l y  u t i l i z e d .  
111. F u t u r e  A c t i v i t i e s  
It is  i n t e n d e d  t o  devo te  major e f f o r t  d u r i n g  t h e  nex t  
r e p o r t  p e r i o d  t o  t h e  McDonnell-Douglas 60 Day Space Cabin 
S i m u l a t o r  Study.  
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